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ON THE PERTURBATION OF THE ATOMIC STRUCTURE OF LIQUID POTASSIUM BY THE

ADDITION OF KC1

J.F. JAL, J. DUPUY and P. CHIEUX*

Département de Physique des Matériaux, Université Claude Bernard, Lyon Villeurbanne, France.

x , .
Institut Laue—Langevin, Grenoble, France.

Abstract: 'le present and analyse the effect of the addition of up to 257 of KCl on the structure of
molten potassium. At these metallic concentrations salient features of the salt structure are becoming
apparent. The small angle scattering behavior and preliminary excess volume data point to strong devi-
ation from regularity at very high metal concentration.

The solutions of the alkali metals in their
molten salts have been long known [1] for their
considerable change in electrical transport proper-
ties versus addition of metal. They offer an inte-
resting example of non metal to metal transition in
disordered systems. A detailed study of the concen-
tration fluctuations near the liquid-liquid mis-
cibility gap in the system K in KBr has already
been made by small angle neutron scattering [2],
[3]. On the other hand, it is quite interesting to
investigate the short range order behavior of this
disordered system where ionicity sets in progressi-—

vely.

In the present study we have obtained the
structure factors of several solutions of potassium
in KC1 in a concentration range where the system is

. -4 -1 -1 -2 -1 -1
metallic [4] 10 " em < o< 10 - Q cn - and
where the concentration fluctuations are definiti~
vely very small [2] (see figure 1). The experiments

have been performed on the D4 machine at the

Institut Laue Langevin (Grenoble) ([5].

I. The experimental results - The structure factors

The structure factors of five solutions of
potassium chloride in potassium from 757 to 957 in
potassium content are displayed on figure 2. The
smoothed structure factorof potassium given for com-
parison has not been extended to the whole Q range

since it was found identical to the literature
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value [6]. The data have been corrected for back-
ground, furnace, vanadium container and multiple
scattering in the usual manner [7]. The incoherent
scattering, assumed to be isotropic, has been ob-
tained at large scattering angles from the ratio of
incoherent to total scattering cross section. This

is however still a first approach of the data ac-
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quisition and treatment. As it is visible on the
graph not all the runs have been performed to the
same accuracy, the 90% concentration being especial-
1y poor. A close look at the low angles reveals
also some difficulties left in the background cor-
rection, as noticeable on the 957 sample near

0.75 &~!. on the other hand, detection problems

have sometimes contaminated the high angle values

(see the 75% sample). We believe however that the

The potassium
structure factor at
K 800°C has been

o computed via a soft
sphere model [17]
fitted first on the

Q 130°C data.

B 95% K
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Fig. 2: The structure factors for X - KCl, Tem-
peratures 867°,830°,800°,725°,780°C from 75 to 95%

JOURNAL DE PHYSIQUE

present state of data analysis is sufficient to
assert the main characteristics of those structure
patterns. Several features are of interest. First,
a significant small angle scattering signal is ob-
served at all those concentrations, although it is
very small at 95%. The main peak of the potassium
structure factor is considerably lowered upon the
addition of small amounts of KCl and has practical-
ly disappeared at a concentration of 857 in potas-
sium. On the-other hand it is at about this concen-—
tration that we begin to detect a characteristic
peak of the salt structure. It is a pity that the
main peak in the partial structure factor S.. ex-
pressing the correlation of charges in KCl just
happens to be at the main peak position of the
structure factor of the pure metal preventing any
analysis at this stage. However we see at the posi-
tion Q = 2,33 A~! the main peak of the partial
structure factor SNN’ [8],expressing the correla-
tions of density or mass in the salt. Finally, one
notices also the almost structureless behavior of
the 90% concentration where the disappearance of
the metal peak matches the appearance of the salt

peak.

IT. The Small Angle Scattering

A high value of the thermodynamic limit S(o)
accompanied by a significant small angle scattering
is not uncommon in liquid metallic alloys [9] [10].
It has been attributed to concentration fluctua-
tions or to clustering effects. An accurate ana-
lysis of the D4 low angle data is not appropriate
considering the poor experimental resolution at
those angles and the difficulty to untangle the
small angle signal from the foot‘of the structure
factor main peak. It is however of interest to eva
luate approximatively the correlation length or the

size of the corresponding fluctuations. A crude fit.



of an Ornstein Zernike law onm the’ 857% sample gives

°
a value of about 3 A, the same value being obtaired

in a Gﬁinier analysis. Such a small fluctuation
would not have been detected on conventionsal small
angle machines such as DIl or DI7 at the I.L.L. It
is of course difficult to give a definite physical
picture of so short fluctuations or to assess
clearly if they are related to the phase separa-
tion which appears at much lower concentration in
metal. Accurate thermodynamic values and rore re-
solution in the low angle data would be quite use-
ful. One may however make a comment on the signifi-
cant feature which appear on the figure 2, i.e. the

very low small angle signal at 95%.

The anomalies of the thermodynamic limit S(o)
in a binary system depend essentially on two terms,
the value of the partial structure factor Sc (o)
related to the derivative of the chemical potential
versus concentration [11] and a contrast coeffi-
cient C which involves the difference of the neu-

tron scattering length per unit volume between the

two components [12]

S(o) =A+C Scc(o) (@D

the A-term depends on the isothermal compressibi-

lity of the system. The contrast is

_ 2
V]bo-v;p|
2 = 2)
JUL S IS

where ci, by and V; are the concentration in mole

fraction, the scattering length and partial molar

volume of the two constituants, K and XC1 in our

case(x).We have displayed on figure 3 the estimated
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the basis of vapour pressure measurements [13],they
decrease smoothly on the potassium rich side. The
contrast coefficient has been computed first on a
regular solution basis (curve R) and shows a maxi-
mum near 957 in K. However, preliminary excess vo-
lume measurements as obtained from neutron trans-
mission data display a positive excess volume in
both K in KC! and K in KBr systems at concentra-
tions rich in metal (see figure 3b). On this basis,
the maximum in the contrast C would be around 857
(see curve AVEX }n figure 3). The very low
small angle scattering at 957 supports therefore
the idea of strong deviations from regularity in

the very concentrated metallic system.
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values have been obtained from neutron small angle
scattering experiments [2] made for the system K in
KBr and developed in reduced coordinates around

the liquid-liquid critical point of K in KC1. On

Fig. 3a)

volume and deviation from regularity.

The contrast effect on S(o). 3b) Excess

(=) The choice of X and KC1 as the two basic

constituants for writing the cquations (1) and (2}
does not imply that these are really the two terms
of the fluctuation process. Complementary experi-

ments are required for such a determination.
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IIT. The Fourier Transforms — Comparison with Au-Cs

The effect of addition of small quantities
of KC1 to potassium is well illustrated again on
figure 4 by the Fourier transforms of the total
structure factors. The concentrations80% and 85%
having intermediate values between those displayed
have been omitted. Difficulties in Fourier trans-
forming such as on the 907 sample which was of poor
statistics have still to be overcomed but the main
trends are obvious. On the 907 sample and probably
already on 957 appears the characteristic distance
dN of the KCl structure which is quite different
from the first and second nearest neighbor d1 and
d2 distances in potassium. We see on the total dis-
tribution function gN(r) of KC1™T at 818°C [8]
that the peak position dy is typical of the first
nearest neighbors i.e. the Kf- €1~ distance. One

notices however that the distance of closest

G(r)

— K (130°C)

O & 10 1B g

Pig. 4: The Fourier transforms of K - KCl.
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approach which is nearly the same for all concen-
trations studied is slightly larger than for the
pure salt (2.25 ;). The first neighbor metal peak
considerably diminishes with the addition of KC1.
At 957 the diminution is approximatively described
however by simply taking into account the tempera-

ture and volume expansion effectll4).

The macroscopic properties of the M in MX
and the M in MAu systems [15] present strong ana-
logies. This is also true if one compares their
structure factors [16]. In the Cs—-Au case, the
characteristic Cs+—Au— distance of the salt was
observed at a concentration of 20% Au in Cs and if
the analogy with K in KCl is correct, it should be
detectable at even much higher concentrations of
Cs.

These first results are stimulating since
they point to a significant salt-like structure
even at high metal concentration. It is essential
however to obtain accurate vaiues of the partial
structure factors and especially the charge charge
partial Scc at one concentration at least, in or-
der to throw some light on the onset of ionicity
in these metallic systems.
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are 0.16A and 0.08A in the amorphous and crystalline alloys,
respectively. The cause of this discrepancy is still under investiga-
tion (one possibility is a doubie-pcak feature in the pair distribution
function of the Mo—Ni distances). However, several general
features can bc seen from Table Il First, the distances are about
0.10A shorter in the amorphous than in the crystalline phase.
Second, coordination number of the first shell at the Ni atoms in
a—MoNi is high ~12, the value found for densely close packed
structure. In comparison, the crystalline phases (Tables I and II)
show low coordination number ~ 7. Third, the root mean square
deviations (Debye-Waller factors) of ~ 010 A in the a—MoNi are
large (in comparison to the corresponding values of ~0.05A 1n the
crystalline matenals
Table 2. The distance r, Debye-Waller factor o,
and the coordination number N of the first

shell of a—MogoNisg and c—MosNigy,.

a—MopNigg c—MoyNigg
"A) ¢(A) N (A) o(A) N
Mo-Mo 276 009 i 281 005 2
Mo—Ni 243 010 47 257 004 5
N-Mo 259 0.10 36 265 009 1

Ni—Ni 236  0.09 8.4 2.47 0.11 6

Discussion

The low coordination number of N ~ 7 at the fiest shell for both
Mo and Ni edges and the appearance of the second shell at ~3.0A
for the Mo edge in ¢c—MoNi suggest that the bee-type local shon
range order prevails in the c—MoNi alloy. In contrast, the absence
of the second shell at 3 0A together with the large coordination
number for the Ni edge in a—MoNi suggest that the structure of
a—MoN alloy differs from that of the crystalline alloys and may be
descnbed by a more or less dense random packing of binary
spheres. This is in harmony with the results obtained by X-ray
scattering measurements on many glassy metal-metal alloys, such as
Zr49(Pd,Ni,Co,Fe) 3'*) and Zr—Cu and Nb—Ni(?,
The Debye-Waller factor decreases with lowering temperatures but

remains high of ~0.10A at 77 K for the amorphous alloys. This
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indicates a substantial structural disorder in a—MoNi which is com-
parable to that reported for a—PdgGexn'® (¢ ~0.1). It is premature
at this point to discuss whether the unlike pair distances ryo-n,
show any decreasc in the amorphous state as commonly observed
for many glassy alloys because factors such as large anharmonicity
in o or asymmetry in the pair distribution function can cause error
in the distance determination. For the amorphous systems with
large structural disorders a gencralized EXAFS formulation must be

used.t The results will be published elsewhere.

The EXAFS data of Zr—Cu glassy alloys are in many features simi-
lar to those of the MoNi. Preliminary results indicate that the rela-
tive ratio of the coordination number of Zr—Zr pairs to that of

Zr—Cu pairs decreases with incrcasing content of Cu.!'%

We are grateful for the experimental opportumity and personnel

help at Stanford Synchrotron Radiation Laboratory.
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